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methodological issues, some of which are grounded in theoretical arguments. Perhaps the most serious concern is specifying the true nature of the causal relationship between capital punishment and murder rates. Most previous studies estimated only unidirectional relationships. The question of salience, however, is whether recursive models portray the relations among the variables of interest accurately. Another issue relates to the geographical unit of analysis best suited for evincing deterrence effects. Whereas most prior studies relied on state or national level data to assess the deterrent effect of capital punishment, a high level of aggregation may not fully capture the ecological dynamics that are hypothesized to underlie deterrence theory.
We address these methodological concerns to help clarify the conflicting findings often reported in the literature. Using monthly data and a fully recursive vector ARMA statistical procedure, we examine the causal relations among execution risk, execution newspaper publicity, and incidents of murder in Houston, Texas from January 1990 to December 1994. We address three general questions. First, does the number of monthly executions decrease murder incidents? If people are rational actors who weigh the likely costs and benefits of their behavior before engaging in criminal activity as deterrence advocates suggest, an inverse relationship between execution risk and murder incidents is anticipated. Conversely, if the brutalization thesis has any merit, we expect to observe a positive relationship between execution risk and murder incidents. Second, does variation in murder incidents impact execution risk? It is plausible that high levels of murder drain the finite resources of the criminal justice system, thereby making the apprehension, prosecution, and execution of offenders less certain. It is also possible that high murder rates amplify public fear of crime, which in turn evokes a more punitive response on the part of prosecutors and judges in their handling of criminal cases. Third, if causality flows in both directions, what is the relative magnitude of the effects of execution risk on murder incidents and murder incidents on execution risk?
In addition to analyzing the relationship between execution risk and murder incidents, an effort is made to determine whether the newspaper publicity surrounding an execution affects the frequency of murder incidents. Because deterrence is a communicative theory, it seems logical to anticipate that such publicity influences murder rates. The identification of the nature and direction of the causal relations among execution risk, execution newspaper publicity, and murder incidents should help to enrich our understanding of deterrence theory.
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CAPITAL PUNISHMENT

A. BACKGROUND
The deterrent effect of capital punishment remains a topic of contentious debate. Advocates of the deterrence thesis maintain that the death penalty acts as an effective deterrent because individuals are free-will actors who rationally weigh the probable benefits and potential liabilities before engaging in criminal activities. This calculation on the part of the individual hinges on personal experience with criminal punishment, knowledge of what sanctions are imposed by law, and awareness of how punishment has been applied to apprehended offenders in the past. 4 The state's administering of capital punishment must also be swift and certain if a reduction in crime is to be actualized. Another important facet of the deterrence theory is that the threat of punishment must be communicated to the populace. The state's sanctioning of criminal offenders serves as an example to those who have not yet committed a crime, instilling in them sufficient fear to deter them from partaking in illegal activities.
Advocates of deterrence remain steadfast in their belief that the crime of murder is a product of a reasoned decision-making process on the part of an individual. A number of empirical studies give credence to this belief. Felson and Messner find that a sizable percentage of murders in our society result from an offender's desire to avoid retaliation from others or to eliminate potential witnesses. 5 Parker also reports that even alcohol-related murders are not irrationally motivated. 6 Even serial killers, usually considered among the most irrational of all offenders, appear to select their victims from either the defenseless or from those unable to depend fully on law enforcement for protection, such as prostitutes and the homeless. ' However, despite the plausibility of the deterrence thesis, many social scientists are still unconvinced that capital punishment deters people from committing murder. The threat of the death penalty, especially when the likelihood of execution is extremely small, is not seen as having the same motivating power as the offender's desires at the moment of the crime. Most murderers, for example, are thought to lack single-minded intent. 8 The death or survival of a victim in a homicidal attack is believed to be 4 The publicity surrounding an execution may also serve an educative, moralizing, and normative validation function. See JACK P. GIBBS, CRIME, PUNISHMENT, AND DETERRENCE (1975 largely a matter of chance, and that chance depends to a degree on the lethality of the weapon used to inflict the injury. Studies also show that most murderers have little or no prior criminal records 9 and that murderers released from prison recidivate at lower rates than other felony offenders. 1 0 Some also argue that executions escalate violence levels in society by devaluing human life and by legitimizing lethal violence. Two main variants of this argument have been adduced in the literature. One focuses on the desensitizing aspects associated with repeated exposure to violence, while the other centers on the modeling of violent behavior. First, according to Bandura," repeated exposure to either direct or indirect violence has a desensitizing effect on individuals. Bandura's claim is consistent with experimental studies showing that frequent exposure to violence not only results in a gradual blunting of emotional responses to subsequent displays of aggression 2 but also reduces the speed and willingness of an individual to intervene in the violent disputes of others. 3 A second perspective maintains that individuals learn aggressive behavior by observing the aggressive behavior of others. For example, research has found that homicides increase markedly shortly after championship prize fights given widespread media coverage of the events. 14 Additionally, the publicity surrounding suicides has been found to be associated with subsequent rises in suicide rates.' 5 The clear implication of these studies is that heavy exposure to publicity surrounding executions may desensitize people or may provide them with violent models to imitate, and in turn, raise the probability of violent behavior, including murder.
B. PRIOR RESEARCH
Despite considerable support for the deterrence theory at both the macro and micro levels of analysis, 16 empirical evidence for the expectation 9 ROBERT J. SPITZER, THE POLITICS OF GUN CONTROL (1995). that capital punishment reduces murder rates in society has not been compelling. It is beyond the scope of this paper to comment on all previous research in detail. However, prior studies have enough commonality that a general discussion of several examples is sufficient. 17 Ehrlich examined national execution and homicide data for various periods between 1933 and 1969 and found a significant negative relationship between execution rates and homicide rates after controlling for a variety of factors.' 8 His analysis led him to conclude that an additional execution per year over the period in question resulted, on average, in seven or eight fewer murders. Phillips examined the deterrent effect of twentytwo highly publicized executions in London, England from 1858 to 1921.19 He found a thirty-five percent decline in the average number of homicides during the two weeks immediately following each execution. However, this deterrent effect was short-lived because the number of homicides returned to baseline levels during the third, fourth, and fifth weeks following the executions. Stack used data for the United States from 1950 to 1980 to examine the deterrent effect of newspaper coverage devoted to executions. 20 He classified executions recorded in Facts on File and The New York Times as receiving high levels of newspaper publicity. Executions appearing in The New York Times but not in Facts on File were coded as receiving moderate media attention. Executions not covered in either source were classified as low-publicity cases. Stack observed a reduction in homicide rates for months with highly publicized executions. In contrast, there was little association between executions receiving moderate or low publicity and homicide rates. Over the entire period of observation, Stack estimated that an average of thirty people were saved for every execution carried out by the state.
Bailey investigated the relationship between monthly murder rates and national evening news coverage devoted to executions from 1976 to 1987.21 He employed the amount of news coverage dedicated to each execution, as well as the type of news coverage. Type of news coverage encompassed qualitative factors such as whether the executed offender maintained his or her innocence and whether the offender was executed for killing a child. DETERRENCE (1980 [Vol. 94
workload. 28 Adherents to this view maintain that because criminal justice resources tend to be relatively inelastic, at least in the short term, a rise in murder rates may actually lower the probability of an execution following the commission of a murder. As Hoenack and Weiler write, "increases in murders augment workloads in the criminal justice system which, in the absence of additional resources, result in lower levels of the measured rates of apprehension of suspects, conviction of apprehended suspects, and execution of convicted criminals. 2 9 The potential for finding an overload effect is particularly relevant to death penalty research because most states with capital punishment statutes allow condemned defendants to appeal their cases directly to the highest appellate court immediately following their conviction. These appellate courts are also required to review habeas corpus appeals from individuals already on death row who are awaiting sentencing. It seems entirely plausible that these direct appeals overwhelm the court's ability to expedite habeas corpus applications in capital cases, thereby decreasing the likelihood of execution. On the other hand, public choice theory argues that high murder rates increase public fear, which in turn makes prosecutors more likely to seek the death penalty and judges less apt to reverse a death penalty judgment. 30 As Coyne and Entzeroth note, "[t]he death penalty and politics . . . are inseparable," particularly because "the vast majority of judges who preside over capital cases must answer to the electorate . . . ,, 31 Given the plausibility of these explanations, a compelling theoretical rationale exists for expecting that murder levels, at least to some degree, influence the risk of execution. Differences in causal mechanisms aside, these predictions provide a more complex view of the relationship between execution risk and murder rates than deterrence theory predicts. Even so, the vast majority of studies conducted to date restrict their attention to recursive models that allow for an execution-murder effect, but that preclude the prospect of murder levels also influencing execution risk. This problem is by no means picayune. Specification error of this type not only misrepresents the relationships directly involved but also biases the coefficients that are being estimated. This specification problem alone has hindered attempts to estimate the execution-murder linkage in previous empirical work.
However, while most studies have ignored the possibility of reciprocal effects between executions and murder rates, some investigators have been mindful of potential causality problems. Two basic research strategies have been employed to model possible simultaneous effects. The first approach relies on two-stage least squares regression to differentiate the potential effect of execution risk on murder and murder on execution risk. 32 However, the identification assumptions made in these studies are somewhat questionable. The major problem relates to the selection of instruments that are necessary to identify each nonrecursive relationship. Two-stage least squares estimates are dependent on the instruments selected and there is often an array of nearly equally plausible candidates. Unfortunately, neither research nor theory provides much guidance regarding the selection criteria that researchers should employ.
The second approach allows the data to aid in the determination of the appropriate lag structure between execution risk and murder rates. Many researchers have used statistical procedures such as ordinary least squares regression, panel regression, or ARIMA to assess the deterrent effect of capital punishment. But, these statistical procedures do not allow for the estimation of feedback relationships. They are predicated solely on the assumption that temporal sequencing provides a sufficient basis for making inferences about causal order. Even if we were to accept the theoretical rationale of a delayed effect of execution risk on murder levels, the lagging of a variable does not necessarily eliminate the problem of simultaneity bias. 33 Because many previous analyses only tested for lagged execution risk effects, it is questionable whether findings generated from these types of studies represent the true nature of the relationship between capital punishment and murder rates.
Another methodological shortcoming pertains to the geographical unit of analysis generally used in research. Despite some recent exceptions, 34 most prior analyses relied on state or national level data to access the deterrent effect of capital punishment. While these studies have made important contributions to the literature, a high level of aggregation may not fully capture the ecological dynamics that are hypothesized to underlie deterrence theory. It seems logical to assume that potential criminal actors, if influenced at all, respond to the threat of punishment within small ecological units such as cities since these units tend to be more homogeneous in reference to punishment risk. 5 It is also important to recognize that for executions to effectuate a reduction in murder rates, the public must be conscious of each execution. The dissemination of information regarding changes in execution risk is also likely to be enhanced by the properties of small ecological units. Many investigations that assessed the effect of execution publicity on murder rates relied on national-level media outlets such as The New York Times, Facts 37 In contrast, most news coverage of executions tends to be concentrated locally. From 1990 to 1994, for example, fifty-two individuals were executed in Texas. The Houston Chronicle, a widely read local newspaper in the city of Houston, referenced all fifty-two executions on one or more occasions.
Moreover, the readership of a local newspaper such as the Houston Chronicle is proportionally greater than the readership of a national paper such as The New York Times. In 1999, The New York Times had a readership of approximately 1.6 million people nationally. In contrast, the Houston Chronicle had a readership of about 740,000 people. Thus, while about forty percent of the population in Houston might become aware of an execution by reading the Houston Chronicle, less than one percent of the population nationally may become aware of an execution by reading The New York Times. In sum, because local news editors and news broadcasters devote higher proportions of their coverage to executions that occur locally, a much higher percentage of the local population, including potential murderers, are going to be made aware of an execution. As Stack writes, "[g]iven the relative lack of national publicity for most executions, the use of local or state data might reduce measurement errors. 38 It is also important to note that individuals fashion their perceptions of punishment risk not only on the basis of media outlets, but also through their friends, coworkers, and neighbors. Person-to-person communication tends to be the primary source of information for most people rather than newspapers, radio, or television. 39 Additionally, these friendship networks are likely to be circumscribed by small geographical boundaries. 4° 
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[Vol. 94 unit of analysis that is small enough to accurately reflect the tenets of deterrence theory. Units sufficiently small so that information regarding changes in punishment risk can be disseminated easily among the populace, at least in terms of geographical proximity, are preferred. A third criticism involves the inclusion of offenders in homicide data who are not eligible to receive the death penalty because of their age. Most previous analyses used homicide data drawn from the Federal Bureau of Investigation's (FBI) Supplemental Homicide Reports (SHR). The use of this data is problematic in at least two respects. First, because data are submitted by law enforcement agencies to the FBI at early stages of murder investigations, offender characteristic information such as age is frequently niissing. 4 1 Age is important because it determines whether an offender is eligible to receive the death penalty.
4 ' Even more troublesome for national level studies is that age eligibility for the death penalty varies by state.
In addition, the SHR only contain information relating to the date of the victim's death. This is problematic because some victim deaths result from injuries inflicted days, weeks, or even months after the homicidal attack occurred. 43 To illustrate, if a victim receives a gunshot wound during a robbery in January but he survives in the hospital until February, the SHR records the date of the homicide as occurring in February rather than in January. In any analysis of the deterrent effect of capital punishment it seems advisable for researchers to use the date that the fatal attack occurred rather than the date that the victim died since these two dates might be different.
II. DATA AND METHODS
The purpose of this study is to shed additional light on the debate regarding the deterrent effect of capital punishment, correcting for many of the methodological problems encountered in earlier studies. We contribute to the extant literature by using monthly data and a fully recursive vector ARMA statistical procedure to examine the relations among execution risk, newspaper execution publicity, and murder incidents in Houston, Texas. Our study period is from 1990 to 1994. strategy used in this study have obvious methodological advantages over previous research in this area. First, although no research design guarantees correct inferences, the vector ARMA statistical procedure affords us the opportunity to assess contemporaneous and lagged relationships and to directly test for feedback effects. The ability to estimate such a model is important because, as previously discussed, there is strong reason to speculate that the relationship between execution risk and murder is reciprocal. Second, we use city as our geographic unit of analysis because it is an aggregation large enough to allow for a sufficient range of variation in murder incidents, but at the same time small enough to be relatively homogenous in regard to punishment risk. The city of Houston algo provides an important venue for this study because proponents of deterrence have long argued that the death penalty must be administered in a swift, certain, and frequent manner to effectuate a reduction in murder. 44 Harris County, which includes Houston, is responsible for more death sentences and executions than any other county in America. 45 Executions also occur in Texas with greater certainty than in most other death penalty states. Between 1973 and 1995, fifteen percent of the death sentences were carried out in Texas. 46 This figure was the fifth highest in the U.S. during this time period. Texas also ranked fourth nationally in the number of executions per homicide and fifth in the number of death sentences per homicide.
A. MURDER INCIDENTS
Our analysis is concerned with murder incidents, as opposed to the murder rate or the raw number of murders. 47 Murder is defined as the willful (non-negligent) killing of one human being by another. Excluded from the murder incident variable are negligent manslaughters, accidental homicides, justifiable homicides and executions carried out by the state. Although the murder rate and the raw number of murders have been employed in the past by researchers, their construction ignores the fact that a deterrent effect is only anticipated for the first murder in a murder incident. If an individual can receive the death penalty for killing a single person in a murder incident, there is no logical reason to expect that an offender will be deterred from killing additional individuals in the same incident. We also excluded all murders where the identified offender was sixteen or younger because murderers under the age of seventeen cannot be sentenced to death in Texas. Our murder incident variable also represents the date that the fatal attack occurred and not the date that the victim died. The Houston Police Department furnished the data on murder incidents. These data are useful for our purposes because they were updated routinely by the Houston Police Department. 48 It is argued by some social scientists that the appropriate dependent variable in a study of the deterrent effect of capital punishment should be those homicides legally defined as capital murders. This line of reasoning hinges on the assumption that deterrence requires a conscious and deliberate weighing of risks on the part of the offender. However, it is debatable as to whether the deterrent effects of the death penalty are limited solely to homicides legally defined as punishable by death. The cognitive link in potential offenders' minds may be between the ultimate legal sanction, death, and the act of homicide rather than any particular arbitrary legal subtype of homicide. As Kleck points out, "there is no reason to limit the hypothesized effect of deterrence variables to premeditated homicides only since preventative effects of legal sanctions do not necessarily depend on any deliberate, conscious consideration of potential punishments by potential offenders., 49 We assume, like most previous researchers that the ratio of first-degree murder to murder in general is constant, so that the latter furnishes a reasonably good indicator of capital offenses. 50 48 Unfortunately, the Houston Police Department discontinued collecting these data at the end of 1994. 
B. EXECUTION RISK
We employ frequency of execution as our measure of execution risk because it is more likely that a potential offender is sensitive to the relative frequency of execution rather than to the marginal probability of execution. The state of Texas carried out fifty-two executions during the study period. Many previous studies measured execution risk as a ratio (i.e., the number of executions divided by the number of murders reported to police). The use of this measure assumes that peoples' perceptions of the certainty of capital punishment derive from a calculation of the number of murders relative to the number of executions. However, the frequency of execution is considered a more theoretically appropriate measure for testing the deterrence thesis because most people do not have accurate knowledge regarding the actual amount of criminal activity in their neighborhoods. 5 ' Rather, most people only perceive the level of murder in their community in very broad terms. This is especially true in large communities where murders tend to be more commonplace. If the public is misinformed about the actual number of murders in their community, then a ratio measure of execution risk may not reflect the public's true perception of the deterrent effect of capital punishment.
C. EXECUTION NEWSPAPER PUBLICITY
On theoretical grounds it seems reasonable to assume that the deterrent effect of capital punishment is dependent on the amount of publicity given to an execution. The more citizens become aware of an execution, the greater the likelihood of a deterrent effect. We measure the amount of media attention devoted to executions as the level of print coverage contained in the Houston Chronicle. 52 The Houston Chronicle is the newspaper of record for Houston and has the largest circulation of any daily newspaper in the city. It is postulated that an execution story covered by 51 See VAN DEN HAAG & CONRAD, supra note 44. 52 Although newspaper execution publicity is widely used by researchers and newspapers are considered "well suited for the study of city or state areas," see Bollen & Phillips, supra note 15, at 803, some maintain that television news broadcasts are a better measure of execution publicity because they are a major source of news for many Americans. See Bailey, Television: Execution Publicity, supra note 2. We feel that this position is overstated for two reasons. First, investigations regarding recall patterns from different news mediums have generally shown print media to be superior to television in terms of message retention. See DeFleur & Cronin, supra note 39, at 164. Second, and more importantly, very few executions receive coverage on national evening news television broadcasts. See Bailey & Peterson, supra note 2. We did consider using local television news broadcasts, but there is no index or abstract available to measure the amount of news coverage devoted to executions during the 1990-1994 time period.
[Vol. 94 the Houston Chronicle received wide publicity and that executions not covered by the newspaper garnered little or no publicity. Archives of the Houston Chronicle are available online.
We measure newspaper execution coverage as the product of the monthly number of newspaper execution stories multiplied by the number of newspaper execution story lines per month. Our first measure is the monthly count of execution stories appearing in the Houston Chronicle. Between January 1990 and December 1994, the Houston Chronicle published 237 stories relating to executions in Texas. Our coding scheme pertains only to execution publicity. Publicity regarding other aspects of capital cases such as appeals of capital convictions or stays of execution is not considered in the analysis. Our second publicity measure is the total number of execution story lines published per month. We employ this measure because some stories relating to executions are much longer in length than other execution stories. The average number of execution story lines per month is 36.48. The means, standard deviations, sums, and definitions for the variables used in this study are reported in Table 1 . These variables are also depicted graphically over the time period of the study in Figures 2 and 3 . Note: The publicity levels shown for July and August 1993 were exceedingly high because two brothers were executed in July. (Danny and Curtis Harris). and five executions occured in August.
D. METHOD OF ANALYSIS
We used vector ARMA to estimate the relations among execution risk, execution newspaper publicity and murder incidents. Although primarily employed by statisticians and economists, vector ARMA has been employed by a few sociologists to examine trends in school victimization 53 and to investigate the relationship between alcohol treatment and cirrhosis mortality. 4 Vector ARMA is a fully recursive statistical procedure, which allows us to test for contemporaneous, lagged, and feedback relationships among two or more variables. A vector ARMA model can be conceived of as a set of reduced-form equations associated with a simultaneous system of linear structural equations. The vector ARMA statistical procedure is unique in that it does not necessitate an a priori specification of the direction of causality or the lag structure among the variables of interest. Formally, the vector ARMA model is described as: 4i(B)Zt= 0(B)E, where is a matrix of autoregressive parameters, 0 is a matrix of movingaverage parameters, Z t is a stationary vector of time series containing n observations, and et is a vector of random shocks which are independently, identically, and normally distributed with a zero mean and stable variance.
The vector ARMA approach is a relatively straightforward extension of the univariate and bivariate Box-Jenkins analytic methodology in that it uses an interative modeling procedure to determine model specification. That is, each time series is treated as vector or group of series for which a common noise model is identified, estimated, and evaluated through various diagnostic tests. Once a common noise model is specified, specific hypotheses concerning the relationships among the series can be specified with the common knowledge that common trends, seasonal patterns, and other spurious components which exist across the vector of series have been controlled for. The methodology for constructing a vector ARMA model consists of three stages: (1) tentative model specification, where sample cross-correlation and partial cross-correlation matrices are used to specify the order of the vector ARMA process; (2) estimation, where efficient parameter estimates are obtained by maximizing the likelihood function; and (3) diagnostic checking, where model deficiencies are identified by a cross-correlation analysis of the residual series.
The residual crosscorrelation matrices should represent a random white-noise process, as determined by chi-square statistics. 
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To estimate our models, we employed the MTS software package from Automatic Forecasting Systems. 5 5 The identification routine in MTS computes and plots sample autocorrelation matrices and a partial lag correlation matrix. These matrices enable us to identify the appropriate AR and MA orders. In a vector ARMA (p, q) model, p is the number of autoregressive parameters, and q is the number of moving-average parameters. Once the model is identified, the MTS program uses a moment estimation routine (conditional least squares) to estimate the maximumlikelihood parameters. 6 If the estimated model fits well, the residual autocorrelations for the model will be small 'and weakly related. 57 The relations among the variables of interest are assessed in the following manner. First, if the matrices for j(B) and 0(B) are lower triangular, it suggests that the variables in the model are not related causally in the sense of Granger. 8 Second, if the matrices for *(B) and 0(B) are block triangular, it indicates the existence of a unidirectional relationship. Finally, if an off-diagonal value in the error correlation matrix (Z) is statistically significant, it indicates a contemporaneous relationship between two variables at the zero-lag. Table 2 reports the maximum-likelihood estimates for a vector ARMA (2, 0) model. The residuals for this specification satisfy all the diagnostic requirements recommended by Tiao and Box to ensure model adequacy. 59 Several interesting findings emerge from a visual inspection of this table. First, although deterrence theory posits that execution risk is an important factor in reducing murder levels, our findings undermine this assumption. We find no empirical evidence that frequency of execution influences murder incidents in the negative direction 0, (1, 2) = 0. Additionally, and contrary to predictions derived from the brutalization thesis, this insignificant coefficient fails to lend credence to the importance of executions as a factor in escalating murder incidents. 59 See Tiao & Box, supra note 57. We also estimated differenced models, but the undifferenced models produced more parsimonious results.
III. RESULTS
[Vol. 94 Of particular salience is the negative and statistically significant delayed and sustained effect of murder incidents on execution risk q 5 , (2, 1) = -.030, which is reported in Table 2 . As the number of murder incidents in Houston rises, the number of executions in Texas decreases substantially the following month and to a lesser extent each month thereafter. This finding furnishes support for the overload hypothesis. To facilitate further interpretation of this relationship, we constructed a chart that depicts the monthly number of executions in Texas by the monthly number of murder incidents in Houston for the five-year period. Figure 4 is intuitively appealing because it portrays the operation of the causal mechanisms associated with the overload thesis. During months when the number of murder incidents in Houston was relatively low, the number of executions carried out by the state was at its highest level. It is not that surprising that monthly murder incidents in Houston are driving executions at the state level when one considers that approximately forty-eight percent of the offenders executed in Texas during the observation period were sentenced to death in Houston. 
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Monthly Murder Incidents in Ascending Order
We turn next to the question of execution publicity effects since the vector ARMA results displayed in Table 2 are by themselves insufficient to falsify the deterrence thesis. It may be that the publicity surrounding an execution, rather than the execution itself, is salient in predicting changes in the number of monthly murder incidents. We estimated a model measuring execution publicity as the product of the monthly number of newspaper execution stories multiplied by the number of newspaper execution story lines per month. We excluded the execution risk variable from this model because it was highly correlated with the execution publicity measure (r = .659). This high correlation is interesting because previous studies reported extremely small correlations between execution publicity and execution risk nationally. Our finding of a high correlation between execution risk and the execution newspaper publicity measure suggests strongly in favor of using data from local rather than from national sources when attempting to measure execution publicity.
The results presented in Table 3 indicate that execution publicity is unrelated to the frequency of murder incidents. Murder incidents also fail to have a direct influence on newspaper publicity. The most salient predictors of current levels of execution publicity and murder incidents are past levels of these variables. Although some research has found that newspaper publicity is important for understanding variations in murder levels, our analysis undermines this assumption. The residual correlations [Vol. 94 at the zero-lag between the newspaper publicity measure and murder incidents are also not of substantive importance. 6 " 
A. SUPPLEMENTAL ANALYSIS
We conducted several supplemental analyses to ensure that our original findings remained robust across different specifications. First, when a ratio measure was used to measure execution risk, the powerful negative effect of murder incidents on execution risk remained robust. Second, when the frequency of front-page news stories was used as our measure of execution newspaper publicity, results remained unchanged. Third, when we employed murder frequency rather than murder incidents as our variable of theoretical interest, the vector ARMA results were nearly identical to those generated in our original analysis. Fourth, following the practice of other investigators, we coded executions and newspaper coverage that occurred after the twenty-third of the month as taking place the following month. This delay represents the time needed for information about changes in the risk of execution to be disseminated throughout the population. The results remained virtually the same as those produced using the unaltered coding scheme in the original analysis.
Fifth, because our data set from the Houston Police Department was limited to a five-year period, we estimated an ARMA equation between murder incidents in Houston and statewide executions for a longer ten-year 60 In addition, we ran separate models for each of the execution publicity variables.
Results are virtually identical: both execution stories and execution story length are inconsequential in determining homicide incident levels. In addition, the frequency of murder incidents has no effect on the number of execution stories and execution story lines published per month in the Houston Chronicle. There are also no significant residual correlations between either of the newspaper publicity variables and murder incidents at the zero-lag.
period (1990 to 1999) using the SHR. Although there are a number of problems with the SHR, we still felt it necessary to compare our results using the data from the Houston Police Department with the data drawn from the SHR. The results generated from this analysis, which are reported in Table 4 , are virtually identical to those reported in Table 2 . That is, an increase in the frequency of murder incidents decreases the number of executions.
No contemporaneous relationship is observed between statewide executions and murder incidents in Houston. Sixth, we extended the time period of our measure of execution newspaper publicity from 1990 to 1999 and estimated an ARMA equation between execution publicity and murder incidents in Houston. Again, the results of this analysis, as reported in Table 5 , are nearly identical to the results displayed in Table 3 . We evince no substantive lagged or contemporaneous relationship between execution newspaper publicity and murder levels. [Vol. 94
Finally and similar to many previous studies, we used the SHR to estimate an ARMA equation between felony murder incidents in Houston and statewide executions. We define felony murders as the monthly number of felony and suspected felony murder incidents. We also included murder incidents in this measure where the circumstances were unknown. Although this measure has a number of shortcomings, we still wanted to compare our results using total murder incidents with those obtained employing only felony murder incidents. As can be seen in Table 6 , we observe no lagged or contemporaneous relationship between felony murder incidents and executions. These findings are consistent with prior research using felony murders derived from the SHR. 
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• t score in parentheses. Felony murder incidents is defined as the monthly number of felony and suspected felony murder incidents committed in Houston. Also includes murder incidents where the circumstances are unknown.
Our failure to evince a relationship may be explained to some degree by the limited variation in felony murder incidents (mean = 10.96, s.d. = 4.40) as compared to the total number of murder incidents recorded during the same time period (mean = 28.42, s.d. = 11.90). These figures suggest that there probably is not a sufficient amount of variation in the felony murder incident variable to expect even modest effects to emerge in the ARMA analysis.
IV. SUMMARY AND CONCLUSION
We probed the relations among execution risk, newspaper execution publicity, and murder incidents. The data used in our primary analyses encompassed the period from January 1990 to December 1994. We organized our analysis in terms of several competing theories with respect to the relationship between capital punishment and murder levels: (1) the deterrence thesis; (2) the brutalization thesis; (3) the overload thesis; and (4) public choice theory. The first two of these theories debate the direction of the effect between execution risk and murder incidence. The deterrence thesis predicts that executions attenuate murder rates, whereas the brutalization thesis argues that executions escalate violence levels in society. The overload thesis proffers that the certainty of execution declines as murder levels rise because of finite criminal justice resources. Finally, public choice theory asserts that high murder rates increase executions because of public pressure to get tough on crime.
Assuming a recursive causal structure, most research has simply regressed murder rates on executions and interpreted any relationship as validating either the deterrence or brutalization thesis. We feel that this practice is theoretically unjustifiable. There is every reason to believe that execution risk affects murder incidence as well as being affected by it. Because of the difficulty in estimating reciprocal effects, we employed a fully recursive vector ARMA statistical procedure that enabled an estimation of instantaneous, lagged and feedback effects simultaneously. The study of the deterrence effects of capital punishment has also been impeded by difficulties in acquiring murder data at the city level. When researchers have investigated the effect of executions on murder rates for states or for the nation as a whole, they have neglected to allow for the transmission of information relating to punishment risk by local media outlets and by word-of-mouth, and thus failed to capture the ecological dynamics that are hypothesized to underlie deterrence theory.
Findings from the vector ARMA analyses fail to lend credence to the theoretical importance of execution risk and execution newspaper publicity as factors in determining murder levels. Specifically, we discern no credible evidence that frequency of execution produces a consequential decrease in the number of murder incidents in Houston during the period under investigation. Regardless of the model specified, our analyses show that both frequency of execution and the newspaper publicity surrounding an execution have no discernible effect on changes in murder incidents over time. Additionally, our findings contravene the assertion that executions devalue human life and legitimize lethal violence since there is no indication that executions amplify the frequency of murder incidents.
The only persistent finding of the present study is that there is a negative and delayed effect of murder incidents on execution risk. We are fully aware that the time period from the occurrence of a homicide to the execution of an offender is much longer than one month. Our position is that there already exists a large group of individuals in the system who are eligible to receive the death penalty. This pool of death eligible offenders is affected by an increase in murder incidents in such a way so as to slow the prosecution process and thus ultimately decrease the frequency of [Vol. 94 execution. It is also important for readers to understand that in an autoregressive ARMA process, such as reported in Tables 2 and 4 , the impact of murder incidents on executions occurs over the entire period of observation and not only for just one month. However, although murder incidents impact executions over the entire period of study, its effect diminishes exponentially over time. That is, the effect of murder incidents on executions is strongest at lag 1, weaker at lag 2, still weaker at lag 3, and so forth. Basically, what our ARMA analyses are showing is that murder incidents have a "ripple" type effect that ultimately reduces the frequency of execution.
In gauging the validity of our findings we are encouraged by research that shows how the dramatic rise in the number of death sentences in recent years has attenuated the certainty of execution. In their comprehensive study of capital cases nationwide from 1973 to 1995, Liebman et al. found that "political pressure tends to impel judges-or to create an environment in which prosecutors and jurors are impelled-to impose death sentences, but then tends to interfere with the state's capacity to carry out the death sentences that are imposed. ' However, while the evidence presented here supports the notion that an increase in murder incidents engenders a reduction in execution frequency, it does not provide an explanation for that effect. We speculate that the elaborate appeals process established for capital cases is impeding the criminal justice system's ability to carry out executions in an efficient and timely manner. Two specific explanations warrant consideration. First, we maintain that the direct appeal of capital cases is overwhelming Texas's ability to expedite habeas corpus petitions, thereby decreasing the frequency of execution. An interesting and unique feature of capital cases is that in all states with a death penalty statute (except South Carolina) a death sentence is appealed automatically to the state's court of last resort, which is usually the state supreme court. In the state of Texas this court is called the Court of Criminal Appeals. The review of a direct appeal is mandatory and it bypasses any intermediate court of appeals. 62 Direct appeals of capital cases only pertain to legal and constitutional errors that may have transpired during the trial itself such as a ruling made by judge during the trial.
Recent research suggests that the direct appeal of capital cases is acting as a "bottleneck" in the overall prosecution of capital cases. 6 and 1995-about five years worth of death sentences-were awaiting direct appeal in 1995. In three of the nation's most prolific capital sentencing states, Texas, Pennsylvania and California, the 1995 log-jam of cases awaiting state direct appeal encompassed twenty-seven percent, twentyseven percent and forty-seven percent of the state's post-1972 cases, respectively. It is believed that these direct appeals are placing a significant burden on state supreme courts to the exclusion of other cases. For example, Acker and Lanier report that the direct appeal of capital cases represents a "crushing load" to the California Supreme Court, and that their volume is jeopardizing the court's ability to perform other necessary functions. 64 Ueleman also maintains that direct appeals are consuming so much of the California Supreme Court's time that it "is no longer functioning as an architect of California case law. It has become chiefly a death penalty review court." 65 It is estimated that the Supreme Courts in California and Florida spend nearly half of their time reviewing death penalty appeals. 66 However, while it is readily acknowledged that direct appeals are slowing the prosecution of capital cases, one has to wonder how direct appellate review, which occurs relatively early in the prosecution process, translates into fewer executions being carried out in Texas and other states. The evidence presented here, which is based on a more sophisticated analysis than used in previous studies, suggests that the frequency of homicide has a rather immediate impact on executions. The question that remains unanswered is why such a quick effect? The most reasonable answer to this question is that the increased workload engendered by direct appeals is impeding state supreme courts ability to review the vast number of habeas corpus petitions that they receive each year. Habeas corpus appeals are different than direct appeals in that the individual making the appeal is already on death row awaiting execution. Habeas corpus appeals also afford defense lawyers the opportunity to broach issues from outside the trial record, such as allegations of incompetent counsel, suppression of evidence, and larger constitutional issues. Similar to direct appeals, habeas corpus petitions are extremely complex and typically require state supreme courts to review an enormous amount of case related material.
It is also important to recognize that not only are state supreme courts reviewing both types of appeals simultaneously, but in Texas, as in most other states, direct appeals are mandatory and thus given priority over all other discretionary cases including habeas corpus petitions. It seems likely that the concurrent review of direct and habeas corpus appeals, coupled with the preferential treatment shown to direct appeals, inevitably results in the slowing of executions by lengthening the review time of habeas corpus appeals. Evidence suggests that the amount of time state supreme courts are spending in reviewing habeas corpus appeals has increased dramatically in recent years. From 1990 to 1999, the number of writs of habeas corpus pending in the Texas Court of Criminal Appeals increased by more than 170 percent. 67 Approximately seventy percent of these writs were filed by inmates on death row. In sum, it seems highly likely that the direct appeal of capital cases is overwhelming the ability of the state supreme courts to expedite habeas corpus petitions in capital cases, thereby decreasing the likelihood of execution.
Another plausible explanation for the observed negative relationship between homicide and frequency of execution relates to prosecutor workload. We proffer that the pressure to prosecute new capital cases, which naturally results from an increase in the number of homicides, reduces the state's ability to retry and re-sentence death row inmates who had their cases overturned in direct and habeas corpus appeals. Nationally, the overall rate of serious error in capital cases is approximately sixty-eight percent while in the state of Texas it is about fifty-two percent. High error rates in capital cases further slows the system because a finding of serious error results in vacating the conviction or sentence and the remanding of the case to the trial court for additional proceedings or retrial. As a result of retrial or resentencing, a death sentence could be re-imposed and hence the appellate process begins once again. This elaborate appellate process is burdensome for prosecutors who are expected not only to prosecute new capital cases, but also to aid in the preparation of oral arguments at state and federal appellate review proceedings on capital cases that they prosecuted previously. The burden of handling the initial prosecution of capital cases while simultaneously dealing with the retrial or re-sentencing of death row inmates who had their cases overturned is further compounded by the typically small number of death eligible prosecutors. In the state of Texas, for example, only the Chief Prosecutor of the District Court is assigned to handle capital cases that fall within his or her court's jurisdiction. prosecutors. Thus, notwithstanding changes in homicide levels or error rates in capital cases, the number of prosecutors eligible to handle, capital cases remains relatively constant over time, at least in the short term.
However, certain caveats must be taken into consideration. First, the findings reported here must be replicated with other data sets before they can be accepted without question. The more frequently such research is conducted, the greater confidence we can place in the generalizability of our findings to different times and places. The underlying causal mechanisms for the observed impact of murder incidents on execution risk must also be dealt with more systematically in future research.
More detailed information on case processing will allow a more accurate appraisal as to whether the direct appeal of capital cases is reducing the risk of execution. Such research will also help provide further evidence bearing on our interpretation of the murder-execution linkage.
There will also remain a question as to whether the evidence presented here suffices to sufficiently discredit the deterrence thesis. One possible limit on the generality of our findings concerns the delineation of the geographical unit of study. We argued that the city is the most appropriate unit of analysis for testing the deterrence effects of capital punishment. The city is an aggregation small enough to be homogenous in reference to punishment risk, but at the same time still large enough to allow for a sufficient range of variation in murder incident levels. Even so, this position requires further empirical verification because it is possible that even more homogenous geographical units of analysis such as neighborhoods may be necessary to evince deterrence effects.
It is also conceivable that our inability to discern evidence supporting the deterrence thesis may be attributable to our reliance on monthly data. One could make a reasonable argument that murder data should be calibrated into finer temporal intervals in order to evince a deterrence effect. 68 The influence of the size of time units on causal relationships in deterrence studies such as ours is a question that requires further investigation.
In an effort to react to public pressure to get tough on crime, policymakers have typically sought to increase the severity of criminal penalties. The use of the death penalty plays a salient role in this endeavor. From 1973 to 1999 the number of offenders sentenced to death rose by more than 600 percent. 69 to attenuate the certainty of punishment. The most promising direction for future research on capital punishment is to pursue the possibility of a different causal structure than that assumed by either the deterrence thesis or the brutalization thesis-that high levels of murder decrease the certainty of execution.
